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The Diabetes-Cancer Link Karen K. Collins, MS, RDN, CDN Type 2 diabetes is associated with increased risks for several cancers, including colon, 1 postmenopausal breast, 2 pancreatic, 3 liver, 4 endometrial, 5 and bladder 6 cancers and non-Hodgkins lymphoma. 7 Type 2 diabetes is also linked to a modest decrease in the risk for prostate cancer. 8 However, diabetes does not reduce aggressive forms, and prostate cancer mortality rates are higher among men with diabetes. 9, 10 Overall, increased cancer mortality associated with diabetes reflects both increased cancer incidence and decreased survival among people with diabetes who develop cancer. [11] [12] [13] Research is underway examining how antihyperglycemic medications may affect cancer risk and progression. Some evidence suggests that metformin may decrease risk, and researchers are exploring whether it might even play a role in the treatment of some cancers. 14, 15 Mechanisms Linking Type 2 Diabetes and Cancer Normal cells develop into malignant cancer cells through a complex process, including initiation (DNA damage from a carcinogen or reactive molecule), promotion (stimulation of initiated cells' growth), and progression (more aggressive growth with angiogenesis and metastasis). Most cancers develop over at least 10-20 years. Numerous factors, including some related to metabolic states in overweight, obesity, and type 2 diabetes, as well as dietary intake and physical activity, appear to promote or inhibit cancer development.
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Elevated insulin and related growth factors
In epidemiological studies, elevated levels of insulin or C-peptide (a biomarker of insulin production) predict increased risk for colorectal, postmenopausal breast, pancreatic, bladder, and endometrial cancers. 14, 19 Insulin binding to its receptor activates the metabolic pathway, which stimulates glucose uptake and glycogenesis and suppresses lipolysis and liver gluconeogenesis.
Although insulin resistance blocks signaling in the metabolic pathway, it does not inhibit activation of the cell-signaling pathway involving mitogen-activated protein kinase that promotes cell proliferation. Increased insulin production to overcome blockade of the metabolic pathway exaggerates activation of this mitogenic pathway. Some evidence suggests that cancer cells may be particularly affected by hyperinsulinemia because of an increased concentration of insulin receptors, often in a form that is particularly mitogenic. 20, 21 Insulin-like growth factor-1 (IGF-1) is a polypeptide synthesized by almost all cells, although primarily by the liver. Elevated insulin stimulates production of IGF-1 and decreases production of its binding proteins, thus increasing bioavailable IGF-1. Cell studies suggest that IGF-1 is even more potent than insulin in promoting cell proliferation and inhibiting apoptosis (self-destruction of abnormal cells). 16, 19, 21 Human population studies link higher levels of IGF-1 with an increased risk for colorectal and estrogen receptor-positive breast Department Nutrition FYI cancer and possibly prostate and other cancers. 14, 19, 22, 23 Estrogen and testosterone In postmenopausal women, body fat becomes the primary site of estrogen synthesis, and obesity is linked to elevated serum estrogen, increasing the risk for postmenopausal breast and endometrial cancers among women who do not use hormone replacement therapy.
18 Hyperinsulinemia decreases liver production of sex hormone-binding globulin, which increases estrogen bioavailability. In women, hyperinsulinemia increases bioavailable testosterone, which is also linked to cancer risk.
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Chronic inflammation
Type 2 diabetes and obesity are both characterized by chronic low-grade inflammation, which increases production of free radicals that can disrupt insulin signaling and damage DNA. Ensuing genetic mutations can lead to cancer. 20, 24 Adipose cells produce a range of pro-inflammatory cytokines (cell-to-cell signaling proteins), including interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α).
IL-6 and TNF-α trigger activation of signaling pathways that induce expression of genes promoting cell proliferation and angiogenesis and inhibiting apoptosis. Human studies link elevated levels of IL-6, TNF-α, and C-reactive protein (a biomarker of inflammation) to greater risks for colorectal and possibly breast, prostate, lung, and other cancers, but research exhibits some inconsistencies. 25, 26 Obesity and overweight Adipose tissue consists of adipocytes, as well as endothelial and immune cells. Cytokines such as TNF-α and IL-6 that are released from adipose cells can promote inflammation and insulin resistance associated with cancer risk and progression.
Greater body fat, particularly with insulin resistance, tends to increase leptin production. Rising leptin levels further increase hyperinsulinemia, promote inflammation, and induce aromatase enzymes that raise estrogen production in postmenopausal women. In cell studies, leptin also directly promotes cell proliferation and angiogenesis and inhibits apoptosis. 27 Population studies link elevated leptin to increased incidence of colorectal, postmenopausal breast, and potentially other cancers. 28 Obesity is associated with decreased production of adiponectin, another adipose-derived hormone. In vitro and in vivo studies demonstrate the insulin-sensitizing, tumor-inhibiting, anti-inflammatory effects of adiponectin. Reduced adiponectin may promote cancer development through increased insulin resistance and inflammation or through changes in cell signaling that increase cell proliferation and angiogenesis. 21, 28 Several prospective studies link decreased adiponectin to increased colon cancer and postmenopausal breast cancer, and limited data show links to other cancers. 21 
Effects of hyperglycemia
An unanswered question about the type 2 diabetes-cancer link involves the effect of blood glucose. Hyperglycemia increases production of free radicals and other reactive molecules, which could produce oxidative damage to DNA, leading to mutations in oncogenes and tumor suppressor genes. 20 Research is unclear about whether higher circulating glucose particularly fuels malignant cell growth. 17 Some studies link elevated A1C and other measures of hyperglycemia to increased risk of certain cancers, [29] [30] [31] although they cannot show cause and effect. These studies often do not control for insulin levels or potential treatment-related confounders. A meta-analysis of intervention trials of people with type 2 diabetes showed no link between A1C and cancer risk or cancer mortality. 32 Because chronically elevated glucose levels are associated with insulin resistance and often with excess body fat, research is not yet clear about a direct impact of hyperglycemia on cancer risk. 14, 16, 20 In animal studies, hyperglycemia without hyperinsulinemia does not lead to increased neoplastic growth, suggesting that insulin receptor activation may be more important than hyperglycemia to tumor growth.
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Integrating Cancer Risk Reduction Into Diabetes Care
Because the diabetes-cancer connection is statistically significant and clinically important, "cancer screening and counseling on lifestyle changes should be part of preventive care in people with obesity and/or diabetes," according to a consensus statement from the American Association of Clinical Endocrinologists and the American College of Endocrinology.
14 This proactive approach is also suggested for those who are overweight (BMI of 25 to < 30 kg/m 2 ) or with prediabetes because associated metabolic abnormalities are linked to cancer risk.
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Aim for a healthy level of body fat, especially at the waist Excess body fat is strongly linked to greater risks for several cancers, and the lowest cancer mortality rate is at the lower end of the normal BMI range. To reduce cancer risk, the American Institute for Cancer Research (AICR) and American Cancer Society (ACS) recommend that people should, "Be as lean as possible without becoming underweight." 18, 33 For those who are overweight or obese, the American Diabetes Association (ADA) Standards of Medical Care in Diabetes recommends a 7% weight loss to reduce risk for diabetes and notes that even a loss of 2-8 kg (4.4-17.6 lb) may provide clinical benefits in those with type 2 diabetes. 34 It is not yet clear how modest weight loss affects cancer risk. Observational cohort studies and controlled intervention trials using biomarkers of hyperinsulinemia, bioavailable estrogen and testosterone, and inflammation-the mechanisms through which excess body fat appears to increase cancer risk-suggest that weight loss of at least 10% may be most beneficial. [35] [36] [37] Further research is needed to clarify appropriate targets.
Abdominal fat is particularly linked to insulin resistance and elevated levels of inflammatory cytokines, and greater waist circumference is directly linked to increased colon cancer risk. 38 AICR recommends a waist circumference no larger than 37 inches in men and 31.5 inches in women. Further research is needed for ethnicityspecific standards.
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Strategies to recommend include:
• Reducing calorie density reduces calorie consumption. 39,40 One of the most effective ways to accomplish this is to eat more nonstarchy vegetables while reducing portions of foods concentrated in calories.
40,41
• An eating pattern low in calorie density can include modest amounts of foods high in calorie density, such as oils, nuts, and seeds, which add nutritional value.
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Focus eating around vegetables, fruits, whole grains, and beans A plant-focused eating pattern is linked to lower cancer risk. 18,22 Plant foods supply dietary fiber, nutrients, and phytochemicals that seem to provide protection throughout the process of cancer development. In addition to reducing overall calorie density, vegetables and fruits provide fiber, nutrients vital for DNA production and antioxidant protection, and phytochemicals that may intervene throughout the cancer process, for example, activating expression of tumor suppressor genes.
18,33
Dietary fiber has been convincingly linked to a lower risk for colorectal cancer, 38 and metaanalysis has linked dietary fiber to a lower risk of breast cancer. 43 Protection may stem from varied effects of different types of fiber, including decreased gut transit time and fermentation by gut bacteria to produce short-chain fatty acids that apparently promote normal colon cell differentiation and reduce inflammation. Yet, the reduced risk of colorectal cancer linked to whole grains likely comes from more than their fiber because whole grains are higher than refined grains in several potentially cancer-protective nutrients. Legumes are rich in dietary fiber that can be fermented in the colon, forming short-chain fatty acids. Whole grains and legumes provide polyphenol compounds that cell and animal studies suggest may deter cancer development.
Strategies to recommend include: • A total of at least 2.5 cups of vegetables and fruits daily meets ACS and AICR recommendations. AICR's recommendation refers to nonstarchy vegetables and fruits; potatoes and legumes do not count toward that goal.
• Vegetable and fruit targets should emphasize not only amount, but also variety, including choices rich in carotenoids and vitamin C and cruciferous and garlic-onionfamily vegetables.
• ACS and AICR recommend whole grains as the primary grain choice and advise minimizing refined grains.
• Dried beans and peas can replace all or part of the meat in some dishes.
Limit red meat and avoid processed meat
A meta-analysis shows a 17% increased risk for colorectal cancer per 100 g of red meat consumed per day. 44 Choosing lean cuts is not enough to remove cancer risk; higher heme iron content apparently increases risk by promoting nitrosamine formation within the gut and through generation of free radicals that damage DNA.
Processed meats-those preserved by smoking, curing, salting, or preservatives-have been convincingly linked to an increased risk for colorectal cancer, with 18% increased risk for each 50 g consumed per day. 44 Strategies to recommend include:
• AICR recommends limiting red meat (beef, lamb, and pork) to no more than 18 oz (cooked weight) per week and avoiding processed meat as much as possible.
• Substituting legumes for some or all of the red and processed meat in dishes adds fiber and plant compounds; replacing some meatbased dishes with fish conforms to general nutrition guidelines. Emphasizing physical activity as a cancer-protective action may help to establish a view of daily physical activity as a positive step with direct health benefits rather than as an activity associated only with weight control. Although physical activity does promote maintenance of a healthy weight, it can also reduce insulin resistance and circulating levels of IGF-1 and estrogen even without weight loss. 34, 36, 45 A Paradigm Change Reframing type 2 diabetes and prediabetes as a metabolic environment conducive to cardiovascular disease and cancer development supports messages about the importance of making lifestyle changes. Educating people about eating and lifestyle choices with multiple health benefits provides important support for their overall health.
